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DISUSES 01 " 60 TRANSQENIC MAMMALS AND ™EIR USE AS MODELS OF HUMAN 



This application Is a nonprovis.ona. of U.S. provtelonal application Ser. No. 60/267,422 
IE 9 ' 2 ° 01 ' ^ * Hereby ,ncor P-ted by reference ,n ,ts entirety. A.I pa^nt 

hereby Incorporated by reference «n their entirety. Similar* the Danish patent application 
Ser. No. 2001 002X8, filed February 9, 2001, , s hereby Incorporated by referenced ,ts 

10 200™ Patent , an n n ° n K Patent referenCeS dted Dan ' Sh Patent app,,catio " S - No- 
10 2001 00218, are also hereby Incorporated by reference in their entirety. 



FIELD OF INVENTION 



p The present Invention relates to transgenic scce mammals and mammalian embryos, their 
□ use as models of study.ng human diseases, to methods of using these models for 

IS dentlfying compounds and compositions effective for the treatment of these d.seases, and 
to the compounds and compositions themselves. In particular, the Invention relates to 
transgenic mammals overexpressing a scce gene ,n the skin. These model animals display 
+ a major change In phenotype characterized by a severe skin disorder and are useful for 
^ identifying compounds and compositions for the treatment of various human diseases 



GENERAL BACKGROUND 



The skin as an organ Is of interest from biological, medical, and cosmetologies points of 
view. There are a large number of skin diseases that are either organ-specific, e.g. psorla- 
sis and eczemas, or are manifestations of general disease, such as general allergic 
25 reactions. The fact that there are skin-specific diseases can be considered as a proof of the 
existence of molecular mechanisms that are unique for the skin. Analogously, sidles on 
sk n- S peclf,c molecular processes are of Importance for the understanding and treatment of 
skin disorders. It seems reasonab.e to assume that several of these processes in one way 
or another are re.ated to the most specialized function of the skin, that Is the formation of 
30 a phys,co-chem«ca» barrier between body exterior and Interior. The physlco-chem.ca, skin 
barrier is localized in the outermost layer of the skin, the stratum corneum. 

T^e S tr atum corneum „ ^ m£)st speda)ized Qf ^ ^ ^ ^ ^ ^ 

35 acl *V, PrOCeSS ° fthe eP ' derm,S ' "** ,S ^ stra « fi ^-mous ep,the.,um that 

accounts for the outermost port.on of the skin. The majority of the cells of the epidermis 
cons.st of keratinocytes in various states of differentiation. The lowermost keratlnocytes, 
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the basal cells, reside on e basal membrane In contact „,«, the dermis, that ,s me 
r^T" ** Sk '"' ^ ° nly terat "™*« have dividing capability 

~i •* c ° nt,nuous ' y ,mvm *■ ^ - .oesm^rr 

differentiation proems, which evenly makes the cell, become buUdlng blocks of the 

ct„Z TT In ^ """" "^"^ °° *«• » number o atpC 
changes. There ,s an ,„craas«J content of cytoskofeton consisting of epktermls-specinc 

fltemenB ° f Mno9uous - ° re | — "» ■ ~ «* 

«il t rZTr < to "<>"'"«- most dram.dc changes U ke place during the 

10 !ZT PPemK,St ' Mn9 ™" ^ Stratu " 1 sn-nulosnm, to the non-viable 

10 stratom corneum ,„ , process usua% crass-llnlJoroteL 
are depose Cos. to the mner aspect of toe plasm, membrane. J£Z£%ZT 
cel. .mralope. Furthermore . npld-rtch substance, odglnatlng ,„ , keradno^™! c. . 
organ.,,., te ..crated to toe extredlular spec. and. by forming llpl d ,a™^ w*cT 
surround toe cells of to. stratum cora.um. constltoto, to. perm Jblllty^r to 

cytokeratln filaments disappear. aenseiy packed 
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jU The cells of the stratum corneum, the corneocytes. are thus non-viable. This means that 
l t he regu.at.on of various processes ,n the stratum corneum must be the ZlZ7 

;r 20 e :™^ 

° £ Z n0m,a " y Pr ° CeedS ab ° Ut f ° Ur Weeks duri "9 the cells are plrt of 

i-j the stratum corneum for about two weeks kannadk, . 

> 1 skin surf*™ ■„ «, ' by means of shedding from the 

C of the s^e PrOC6SS ° f deSquamation - ™- * an exam P ,e of "programmL 

a of the stratum corneum. A prerequisite for the function of the stratum corneum asT 

^25 phy^co-chemlca. barrier ,s that its Individual cells are held together by mecZc^lv 

30 

Disorders of keratinization 

torB * nUml,er of P-'hologlca. conditions In to. skin of varying sw.nty thera era 

atoS^ Z > K 3 9r0UP ° f lnh8rttM skta charactenzed by 

a thickened stratum corneum which leads to to. to™*,,, of .„ sh scates „ JZ!!7 

?T SeVera ' °' ,0,thVOSeS " « — — — d'^u'amatlonl 
toough fess s.v.ra than to. ,chtoyo s „. . dr y ^ „ j^™™ hy , 
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stratum corneum from which comeocytes are shed, not as under normal conditions as 
single cells or as small aggregates of cells, but as large, macroscoplcally visible scales. This 
disorder Is very common among elderly people and among atopics, that Is Individuals with 
a decreased resistance to skin Irritants and a disposition to develop a characteristic form of 
endogenous eczema. In the acne diseases there is a disturbed keratlnlzatlon In the ducts 
of the sebaceous glands, which leads to the formation of comedones and plugging. The 
formation of comedones precedes and is believed to provoke the inflammatory acne lesion. 

Proteolytic enzymes are Involved In keratlnlzatlon 



There are several stages In the keratlnlzatlon process and during the turnover of the 
stratum corneum where proteolytic enzymes seem to play Important roles. Certainly the 
disappearance of all Intracellular structures except for the cytokeratin filaments occurring 
during the transition between viable and comifled epidermal layers must Involve proteo- 
15 lysis. The transformation of profllaggrln to filaggrln, a protein that Is believed to function In 
the special type of aggregation of cytokeratin filaments during keratlnlzatlon, may be 
catalyzed by a specific proteinase. In the stratum corneum filaggrln Is further degraded to 
fU low-molecular weight components which are probably Important as "natural moisturizers". 
% Furthermore there are proteolytic modifications of cytokeratin polypeptides during the 
J 20 keratlnlzatlon process. Finally, proteolytic events are likely to play crucial roles in the 
g degradation of intercellular cohesive structures in the stratum corneum In processes 
Pfj eventually leading to desquamation. 



o 

SI 



n ! 25 



Stratum corneum cell cohesion and desquamation. The role ofdesmosomes 



Intercellular cohesion In the stratum corneum as well as in the viable parts of the 
epidermis is mediated to a significant extent by desmosomes. A desmosome consists of 
two symmetrical halves, each of which is formed by two contiguous cells. Each 
desmosomal half has one Intracellular part linked to the cytokeratin filaments and one part 
30 made up by glycoproteins anchored intracellularly and with transmembrane and 

extracellular parts. The extracellular parts of these proteins, the desmogleins, are adhesion 
molecules, and through their Interaction with each other In the extracellular space a 
cohesive structure Is formed. The degradation of desmosomes seems to follow somewhat 
different routes In the stratum comeum of palms and soles as compared to 
35 non-palmo-plantar stratum comeum. In the latter tissue around 85% of the desmosomes 
disappear soon after the cells have become fully cornlfled. The remaining desmosomes, 
which are preferentially located at the villous edges of the extremely flattened cells, 
apparently remain intact up to the level where desquamation takes place. In palmo-plantar 
stratum corneum the comeocytes are much less flattened, and there Is no extensive 
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degradation of desmosomes In deeper layers of the tissue. In both tissues desquamation Is 
associated with desmosoma. degradation. In Ichthyotic skin as well as In "dry skin" the 
number of desmosomes in the superficial layers of the stratum corneum has been shown 
to be increased. 

5 

Many of the tissue-specific molecular mechanisms of the skin are associated with the 
formation and turnover of the barrier-forming outermost layer of the epidermis, the 
stratum corneum, consisting of cornifled epltheiial celis surrounded by highly organized 
io Z ^ StratUm C ° meUm ,S COnt,nuous * m the process of epidermal 

of the stratum corneum is maintained via a continues desquamation of surface cells, two 
human serine proteases, stratum corneum chymotryptlc enzyme (SCCE) and stratum 

e TTiTooT P ^ enZVme (SCTE) h9Ve ^ ,dentffled (HanSSO " * a '- 1994 ™* Brattsand 
k , et al. 1999). The cloning and expression of SCCE Is described in WO9S/00651 which 

1 oZTJJZ^^^ referenCe ' 9001 Sn2ymeS be »°^ to the of serine 

5 proteases, the genes of which are localized to a short stretch at chromosome 19ql3.3- 

* k (D,amand ' S et aK 2000 >- SCCE ' s anonymous with human kallikrein 7 (KLK7) it 
HU should be noted however, that the numbering of kalllkrelns Is not consistent between 

5L IT*'™* ° f SCCE SCTE Se6mS t0 be restr,cted » famous eplthella 

.20 undergoing certification and in ^hlch there is a need for desquamation (Ekholm 1 al. 

S 

E f ?r° n 7 ammat0ry Sk ' n dteeases ma V ™* in severe handicap by causing reduced 
■ function, somatization, and almost unbearable sensory symptoms. A dominating 
flp symptom of many of these diseases is itch, which In many instances may be extremely 
troublesome, causing severe disturbances In many aspects of every day life and sleeping 
patterns of sufferers. In atopic dermatitis, affecting more than 10% of children at some 
point of their childhood, pruritus Is a major diagnostic criterion and always present In 

30 l^T**'?* ha T en ^ Stat6d that " at ° P,C dermaHt,s ,s a " ■* when 

de^,« T " PrUritUS ^ ^ C ° nS,dered 3 Mature of atopic 

dermatitis' (Be.trani, 1999). The mechanisms of Itch are poorly understood, and ava.iabte 
treatments are often unsatisfactory. This may be due, at least In part, to lack of 
satisfactory animal models (Greaves and Wall, 1996). 

35 in inflammatory skin diseases such as psoriasis and atopic dermatitis evidence In favor of 
a central role for the Immune system in pathogenesis is overwhelming. It seems likely that 
he deveiopment of the various disease-specific skin ies.ons and signs is the resu.t of 
interactions at the cellular and molecular level between the Immune system and skin- 
derived structures and molecules. Xn most studies aimed at understanding these 
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.nteractions focus has been on cytokines, growth factors, and adhesion molecules. 
Although many of these components are produced by skin cells, they are not unique for 
the skin, but are more or less generally present in cells and tissues throughout the body 
This fact may cause problems In e.g. development of skln-speclfic therapies. The situation 
5 would be different if one could find a truly skln-speclfic structure or molecule with a central 
roie in the pathophysiology of Inflammatory skin diseases. The present Invention present 
new evidence that the serine protease stratum corneum chymotryptlc enzyme (SCCE) may 
belong to this category of skin-specific molecules. 

10 SUMMARY OF THE INVENTION 

The present Invention relates to results from studies aimed at elucidation of the possible 
Involvement of one of these proteases, SCCE, in skin pathology. The human and murine 
^ scce-genes were characterized, and transgenic animals overexpresslng human scce mRNA 

3 i s 7 k J*" ° n,y 9rOSS Ph6n0typ,c Chan9es obs *™* these animals were found In the 
G 15 Skin ' Wh,Ch showed h'st°.°9«cal changes with several similarities to those seen in 

- ln HZ™T ^ diSeaS6S ^ M the Chr ° n,C Stages of ato "» c otitis »" humans. In 
f; addition, the transgenic animals showed signs of severe itch. Evidence of over-expression 
• of SCCE in chronic lesions of atopic dermatitis In humans was also found corresponding to 

what has recently been shown in psoriasis (Ekholm et al. 1999). Taken together the 
20 results give support for the idea that SCCE and related enzymes may be Involved in the 
pathophysiology of Itchy Inflammatory skin diseases, and thus that SCCE may be a 
potential target for organ-specific treatment strategies. The transgenic animals of the 
invention may provide a new model for further studies of Itch mechanisms and the testing 
of potential compounds and compositions for relieve of various skin diseases where itch is 
£5 a component. 



Rj 



The human SCCE gene was isolated from a human leukocyte genomic library cat. no. HL 
J>tV? *, 35X1 (C ' 0nteCh ' CA) by us,n 9 c ONA Prob es derived from the human scce 
cDNA. Overlapping Cones were isolated and the entire structure, gene was sequenced by 
30 automated DNA sequencing and analyzed by ABI377 (Applied Blosystems, Foster City CA 
USA). The entire sequence can be found using Gene Bank accession no AF 332583. 

Table l Human SCCE [org=Homo sapiens] Homo sapiens stratum corneum 
chymotryptlc enzyme gene (SEQ ID NO:3). 

35 

TACCACATTTTCTTAA^^ 

CAATAGfTTCTACAATGAACGTACGTGTCCATGTG^ 

CA<^CACTGGGGCTTATGAGAGGGTGGAGAGTGGGAGGAAGGAGAGGATCAGAAAAAAATAACTA 
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5 CATA ^TCCTA**CATSSCAAATATTA<n^GGS^^ T "«™™WAATCACCATAAGAA 

A ^^^*^GCCAGGCGGGCO^W^^AGGffl^n^GGfflw~Tn^^'*^ C ^^^ < *^^^^^^^ A ^* 
CAAGAAAATGGC^GAAG^^^^^^^^^GTGAGGG 

CGAGGCGGG^TCAT^g™^"^^"^" 1 ^"' 3 "^^^ 

GCTGAGGCAGGAGA^^^^^r^^^^^^SSAG 
CGCAC^CAGCC.G^^^^^'^^A^GCGCCAC 

« GGAGGGAAGAAAGAAAGAAAAGCGCCCCAGA^iAAG&arvv-^^^^^^*^^^^^^**^^*^^^^* 

OlS GCCAGGAGGGACreTGGGACCA^^^^^ ^"CCGGGTCCCTCCCCCGAGAGCA 
■J ^GGAGGGTGGAGA^^^^^^^^GCCCGTCCnCG 
CAGAACCGCAAAT^GGCGGGG^^^^^^^^^AAC 

GC<MGGCATGGGGCGGGGGGnanVO^^M^^^^^ CCrS ^ CC<: ^ S6GCGC ^ GG 

CCAGCrGTGyGCCAGCCCAACT^^^c^GGA"n-a^-^^ G ^^^^^^ G ^^^~^ G ^* ( ^ 
TTCAK^C^^^^^^^^CTCGAGGTGAGAAGAGGC 

A ^^*GGGGCTGCAGCCTAGACTCCCGGT^CTY G ^-^^^^^^^* GGG ^ G * G '^^^^^^'^Oj 

« SCCrmAGGGAAAAACGAACTASG^^^^^^^^^^ 

g ^^creGGrcrcrAGG^^^^^^^^rcGG 

J TGGGGIrcreGACIOTGGGTCreAGGE^^^^ ™ GSOTCT «GGGAGGAGGGGC 

«GGAGGGGc re GGGG^^r^ CCTGGGGGCCreGACrcCT<SGCTCTS A^ 
^G^G^^^^^^A^CCGGCTGGGGGCrrGGACTCC 

CTGGACTCCTXMGTCreAGGGAG^WGG^ra^^v^^-^^^ GTG * G *' G * GG * GG * G ^® < * GG ^ 

gctgaggcctagactc^cVga^a^^ 

GAGGAGGGGCrGGAGCc re GAC^^ c G ^2? C ^ GGC ^ CT ^<^GAGG 

ao ^ctgagggag^gggactggga^^^^^ 

GGACTCCrGGGTCTGAGGGAGGCG^^Gtr^r-^v-^^^^^^^ GG * GG * GG * G ^ GG< ^^^^'" 

gttggggoctggactcc^^(^ G ^t^ G ^^^ GG ^^^^ G ^ GG * g ^ g ' 1gg ^'^^ < ' g< **ggaggg 

GA^AG^^GGGt^^^^^^CTCCrAGGTGTGAGG 
TCS^CrGAGGGAGSAAGGTGCT^G^^ ^^^^^CCreGACTCC 
3S ^GACT^GAgC^GAA^G^ 

GGGCTGGGGTTCTGGACCCC^lGGT^rTGAG^r G i^^^^^ GG ^^^ 1G ^ GGG ^ 1G ^* G * GG ®*OJGAG 

^ggga^ggctggg^g^*^^^ 

^CrcCTTCTCAGCTCCAGCAGGAGAG^^CCTT^C^OGCcTG^C^f^ 5 ^ 0 ^^^ 0 ^^^^^^ 
^CCATGGC^GATCCCn^GC^^^ 
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GCAGGAGAAGAAGGTGAAAGCTGGACTGGGAAGTCTGACCTCACCTCAGGGCCCCCACTGACCCT 
CTCCAAGGAGTCCCTGAGTCAGAACCCTTCCCTCCrCAAACAGCTTCCATCCTGGGAGGACCAGAC 
TGTCGGCTGAAGCCCCCGCTCTTCCTGCTTCTGCTGACTCAGGGGGTCTCTGTCCCCTCCAGGCCC 
TGCCTCCTGTGCTCAGGGTCTCTCTGTGGTTCCCCAGATGAGATGCGCCTCCTGGGTTTCTGAGTG 
5 GGCTCCTTCTGTCTGTCTCTATCCCTATCTCTrrGCTTTCTCTGTATTTCTCCACA 

TCTGTCCATCTCTG ACTCTGGG AATCCCTG AG GTG CAG CCTCAGCCTT CCCCTAATG CTAGCTACCC 

ACATGCTCCTCC^TGTCTCCATCCAGCCCAGGGTGAC^GATTATTGATGGCGCCCCATGTGCAAG 
AGGCTCCCACCCATGGCAGGTGGCCCTGCTCAGTGGCAATCAGCTCCACTGCGGAGGCGTCCTGG 
TCAATGAGCGCTGGGTGCTCACTGCCGCCCACTGCAAGATGAAGTAGGTGCCACCCAAGTCTCTG 
10 CTGGAGGTGCGCCAGCATCTCCAGCTCGCTATGGGGGTGGAAGGGCAGTCrTTCTGTGCCTACGG 
CTCTATTCTGCTCTCTCTGGGTCTCrGTCCCCCTCTCTCTGGGCCTCTGTACCCCCTCTC 
CTCTGTCCCCCTCTCTCC CTG GCTCTCTGTCTCCCTCTCTCTG G GTCTCT G TCC CCCTCTCTCTG G A 

TCrrCTGTTCCCCTCTCTCTGTCTCrrcrcrrCCCCCATTCTCTCTAGGTCTCT 
£ TCTGGGTCrCTGTCCCTCTCTCTCTGGTCrCTGTCCCCCrCTCTCTCTGGATCTCTGTCC^ 
3 15 CTGG GCCTCTGTACCCCCTCTCCCTGGGGCTCTGTCCCCCCTCTCTGGGTCT CTOT CTGCCT^ 
VI TCTGGATCTCTGTTCCCCTCTGTGTCTCTGTCCCCCTCTCTCTCTGGGTCTCT 
Hj TTTCTGGGTCTCTGTCCCTCTCTCTCrGGGTCTCTGTCCCCCTCTCTCTCTGGTCTCTGTTC 
l- CTCTCTCTCTGGTCTCTGTCCCTCTCTCTCTGGGTCTCTGTCACCCTCTCTCT^ 

g CCTCTCTCTCTGGTCTCTGTTCCCCCTCCTCTCTCTGTGGGTCTCTGTCCCTCTCTCTCT^ 
. 20 GTTOCCTCrCTCTCTGGTCFCTGrTO 

GGCTCTGTCCCCCTCTCTCCCTGGCTCTCTGTCTTCCTCTCTCTG 

TGGTCTCTGTTCCCCTCTCrrCTGGGTCTCTGTCCCTCrCTCTCTGGGTCTCTGTCCCTCT 

GATCTCTGTCCCCCTCTCCCTGGGCCTCTGTACCCCCTCTCCCTGGGGCTCTGTCCCCCTCTCTCTG 
GGTCXCTGTCTGCCTTTCTCTCTC^ 

GTCTCTGTTCCCCCTCCTlCTCTTTCTGGGTCTCTGTCCCTCTCTCTCTGGG^^ 
CTCTGGTCrCTGTTCCCCCTCCTCTCTCTCTGGTCTCTGTCCCTCTCTCTC^^ 

CTCTCTCTG G GTCTCTGTCACCCTCTCTCTCTG GTCTCTGTTCCCCCTCCT CTCTCTGTGGGTCTCT 
GTCCC7TCTCTCTCTGGGTCTCTGTTCCCCTCTCTCTCTGGTCTCTGTTCCCCCTCCT 
TCTCTGTCCCCCTCTCCCTGGGGCTCTGTCCCCCTCTCTCCCTGGCTCTCTGTC7TCCTCTCTCTGG 
GGCTCTGTCCCCCTCTCTCTCTGGTCTCTGTTCCCCTCrCTCTGGGTCrCT 
GTCTCTGTCCCTCTCTCTCTGG ATCTCTGTCCCCCTCTCTCTCTG GGTCTCT GTTCCCCTCTCTCTG G 

GTCTCTC5TCCCCTCTCCTCTCTCTGTGTCTCTCTCCCCCTCCTCTCTCTGTGTCT 
TATCTCTGTGTCTCTCT^^ 

CCTCTTTrCTGGGGCTCTGTCCCCCrCTCTCTCTGGATCTCTGTTCCCCTCT 
35 CCCCTCCTCTCTCTGTCrrCTCTGTCCCCCCTCCTCrCTCrGGGTCTGrGTCCCCACCCCGTCCCC^ 
GGTCTTTGCACACCCTCTCTGTCACAGTGTCTCTTCTGAATCTGTGAATGTCACTCCTCGCAGTGAG 
TACACCGTGCACCTGGGCAGTGATACGCTGGGCGACAGGAGAGCTCAGAGGATCAAGGCCTCGAA 
GTCA7TCCGC(^CCCCGGCTACTCCACACAGACCCATGTTAATGACCTCATGCTCGTGAAGCTCAAT 
AGCCAGGCCAGGCTGTCATCCATGCTGAAGAAACTCAGGCTGCCCTCCCGCTGCGAACCCCCTGG 
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AACCACCTGTACTGTCTCCGGCTGGGGCACTTACCACGAGCCCAGATGGTAGGTGGCCTCAGTGAC 

CCAGGAGTGCAGGCCCCAGCCCTCCTCCCTC^GACCCAGGAGTCXAGGCCCCCAGCCCCrccrCC 
CTCAGACCCAGGAGTCCAGGCCTC*GCCCC^^^ 

CCTCCrCCCTCAGACCCGCGAGTCCAGACCCCAGCCCCTCCTCCCTCAGACCCAGCAGTCCTGGGC 

S CCCAGACCCTCCTCCCTCGGAACCAGGAGCCTGAAOVACAGCCCTTCTGGTCCTCGCCCCCATCCT 

CTCTGACTGACAGCTCTCCCTGCTCCTCCCTGCAGTGACCTTTCCCTCTGACCTCATGTGCGTGGAT 

GTCAAGCTCATCTCCCCCCAGGACTGCACGAAGGTTTACAAGGACTTACTGGAAAATTCCATGCTG 

TGCGCTGGCATCCCCGACTCCAAGAAAAACGCCTGCAATGTGAGACCCTCCCCCCCAATTCCTCCC 

CAGTCCTGGGTACCCTGTCTGCATGCCC^GGGA^GAGCTTGACCCAAGTGACTGGGTACCAAG 
10 CCCGGCCTTGCCCTCCCTCCAGGCCTGGCCT^^ 

GGGGTGGGAGTTTACTTAGGGGCCGATGTGGCCCTGGGGATGGGACAGAGAGrnTAATAGGGGT 
GAGAAAGTGGGGGTGGGACCAGGGAAGGAGACTGAGGTGCTGGCCTCAGGCCCAAACCCTAAGG 
GGGCACCAAAAACCTCAGTGATTGAGATAAATCATAATGCAATATTTAAAAATAAAAATAAAAACTC 
H; ATGCAGAAGTCCATGATGGACAAAATGTCACATTTTAAATAAAGAGCAGGTGGATCTTACTGAATTT 
U 15 TCCCTTGCCGTAAGTACTAGCGTGGCTCAGCACAGCGCTGTACrGGCACTGTCTTCATTTAA^ 
l 4 GGATACCATGCCCATCATGCAGTTTTATGTATTACATTTGATTTCGTTAAGTACTGCATTGAAGTAT^ 
b ^GTATTGCAGTTACTGAGATTTTGTGCCTGAAGCTGATGACTCACTCACCTGACCCTGGCCCTGG 
rU TCCCGGGGAAAACACTCrrrCTCrCCACCTCCTCTCTGTTCCCTCTTTCTGGCCTT^ 

; 20 TTTrCTCTGTGTTGAGOTVGCTTGCTCTCC^^ 

Q TGTCTTC TCCCTCT TTCTCTTGCTTCTCTCTCTCTCCTCCCCTCCCTC 

jU GCTCTCT^, , , , , .CCTCTCTCTCTGTCTCCTCTCTGGCCCTCTCCTCnTCTCTCTCrCCCCCACTTC 

U TCTOTCT CTCTTCATCTCTCTCCCTCATCTCTCCTTGCCCCCTCCTT^ 

q TTCTTCTATCTCTCTCCTCTCCCCGCCGCTCCCCCATCTCTGTCTTTCTTTCTCTCTC^ 

ft5 CCTCTCTTCCAGTCTCTCTCTCCTCTCCCCACCCCCACCCC^TCTCTCTCCCCACACCTTCC 

TTCTCTTTGTCTCTCTCrTCTAGCTCTTTCTTCTCCACGCC 

CCTCCCCATCTCCCTCATCTCTTTCTCTGTCTCTCTTCTCCCTCCTTCT^ 

TCTCTCTCTCTCCCCATACCCTTTCCCTCTTCCTCATCT 

TTCrCCACCTCCAACTCTCTCTGTCTCTCCACACCOVTCCTCCTTGCTCAOT 
30 TCAGGGGATGTGGGATGGTGAGTGTTAGGGATAGAGGAGATGGGAGAGAGATGACTGTCCTAGA 
GAATAGGGTGTTCCCCTTCTCCCCTGGTGAGGGCCAGTTTCATGAATGTGCAAGCTCTGCACGGAC 
ACA G AGCCCCACACTC AG AAGG GTCTCAAACTTAGTCTAATG CATTCCTG CTGTTGTCTTG AAATTC 

TCAATAATTTTTGAACAAAGGGCCCTGCATTTTCGTTTTGCACCAAGTCCTGTO 

TCTTCACCCTGGTCTCCGAGACCATCGTGTCCCCCTTTCCTGCGCCACAGGGCACGCATCCACCCC 
35 TTGGAG ATG ATGTTCCTTCTCCCACTA GCTTGG AGCAG G GTCCTTAACATTGG AAAATAAAG AGTG 

CTCTGATCCTGGAAGCCCCACCCCTTCTCTGCAATTGGTCTCATTGGCOVAGGGTCAAACCAG 
CrrCAAAGGACCTAGTGTGTCCCTAGCACTAGCTCTCCCATTACTCCCCAGAGACAATGAGTCT 
CTCATTGGCTATGGTGGAAGTCCATAATCTGCAAGACAAAGACCGATAACTGAGGAATGTATGAGA 
ATGAGTTGGGCXrrGATCTGAAGCCAAAGTTAATCTCCGGCTCTATTCCCTCTAGGGTGACTCAGG 
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GGGACCGTTGCTCTGCAGAGCTACCCTGCAAGCTCTGCT 
AACCO\ATGACCCAGGAGTCrTAC^CrCAAGTGTGCAAGTTCACCA^ 

AAAAGCATCGCT AACGCCACACTGAGTT AATTAACTGTGTGCTTCCAACAGAAAATGCACAGG AGT 
GAGGACGCCGATGACCTATGAAGTCAAATTTGACTTTACCrrTCCTCAAAGA 
5 TGCCCTGTTGATAAACCAATCAAATTGGTAAAGACCTAAAACCAAAACAAATAAAGAAACACAAAA 
CCTCAGTGCTGGAGAAGAGTCAGTGAGACCAGCACTCTCAAACACTGGAACTGGACGTTCGTACA 
GTCTTT ACGGAAGACACTTGGTCAACGTACACCGAGACCCTT ATTCACCACCrTTGACCCAGTAACT 
CTAATCTTAGGAAGAACCT ACTGAAACAAAAAAAATCCAAAATGTAGAACAAGACTTGAATTTACCA 
TG ATATTATTTATCACAG AAATGAAGTG AAACCATCAAACATGTTCCAAAAGTACCAG ATG G CTTAA 
10 ATAATAGTCTGG CTTG G CACAACGATGTTTTTTTTCTTTG AG ACAG AGTCTCTGTTG CTTG GGCTG C 
AATGCAGTGATGCAATCTTGGCTCACTGCAACCTCCGCCT 

AGCCTCCCAAGTACCTGGGACTACAGGTGTGCACCACCACACCAGGCTA AI H I 1 1G TGT AI I I MA 
^ CTAGAGACAGGGTTTGACC^TGTTGGCCAGCGTGGTCTTC 

3 ACCTTGGCCTCCCAAAGTGCTGGGATTACAGGCATGAGCCACCACGGCCAGCCC^ 
3 15 CAAACCTATTAAAAATGATACTTAGACAG 

% i GTTAAATGACAAAAGGAAGGACAAAAATATATATGTATGTGACCCTACCCATAAAAAATGAAATATT 
Z CACAGAATCAGATCTGAAAACACATGTCCC^GACTGCAT^CrGGGGTCGTCATGAGGTGTCTCCTT 

y _ . _____ 

^ CCTTCTGTGTACTTTTCCTTGAATGTGCACTTT^ 

Jp TGAAGATCTAAGA7TGGAGAGAGGTGACC7ITTCAGGAA 

« 20 GTTTTGAGCCCTGCTCCTGCCGGCCCT I MC 

|3 ~l 

CTGTCTGTAAAATG GG AGAG AG AGGAAAGG ATGGAG AG AGGAAGAAGGAAGGG AGGAG GG AGG 
AGAGAACAGGCCAACTTCATCAGCGTGGGAAGGGGTGTGAAAGTGTTTCTGAGCATCT 
GACAAGTGAGGAGGGAGGCTGGCGG I I I I CAGAGGGATTGGGATGACAGTAGACAGGACACAGG 

.rana 

U GGTCCCACAGGGGTTCTGCCAGAAGTAAGCAAACAGTGCCGGAGGAAGATGGTGGCACCTGCTCCC 
y 25 C^AGAAGGGAGGGAAAGGAACCTCGGGAAGCGGGTAGGATGAGGGAGGAGTCCTCTGTGACTCA 
GAGCCTGGCCACAGCCCCAGCC^TCTAACATCAAAGATCCTCTGTCT 

CTGACCGAGGAGCCACTCCAGCCOVGGAC^CGCCCTCCTACCT G I [C I IC CT G I I I I I CTCCCAGA 
ATTC 



30 To Isolate the murine scce gene cDNA probes derived from the murine scce cDNA (BSkman 
et al. 1999) were used to screen and Isolate clones from a 129SVJ Lambda Fix II genomic 
library cat- no. 946306 (Stratagene, La Jolla, CA). The entire gene sequence was 
determined and analyzed as described above. The entire sequence can be found using 
Gene Bank accession no, AF 339930 which is hereby incorporated by reference and Is not 

35 shown here. 



The amino acid sequences (as deduced from cDNA) of human and murine SCCE show 
around 80% similarity (Hansson et al. 1994 and Backman et al. 1999). 
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The genomic organization of the human and murine scce structural genes are 
schematically shown In Figure i. The most apparent difference b tween the structural 
genes from the two species is that the introns are longer In the human scce gene. As seen 
in Figure 1 the scce genes from man and mouse both contain six exons, here Indicated as 
black boxes and have the translations start located In exon 2, and the stop codon In exon 
6. Overall he organization of the exon-lntron structures of the two genes Is similar but due 
to shorter Introns, the murine gene is smaller, approximately 4Kb as compared to 8 kb. In 
the human gene, the translation initiation site Is found 60 nucleotides downstream the 5'- 
end of exon 2, and a potential TATA-box approximately 35 bp upstream of exon 1. 
10 Similarly, the murine Initiation codon Is positioned within the second exon, 39 nucleotides 
downstream of the Intron-exon Junction. 

To generate transgenic mice with a modified regulation of expression compared to the 
I* endogenous scce, recombinant human scce gene under control of the SV40 early enhancer 
□15 and promoter element was constructed as described In example 2. Three founders shown 
;~- to be transgenic for SV40e-hscce integrated at a single site were obtained and lines were 

S ^ fUrther breed,n9 10 C578L/6JxCBA As expected. Initial characterization 

i u of the three lines revealed very large differences In levels of recombinant scce expression 

£ (see below). In line #1010, which has the highest /recce transcript levels, skin 

. abnomi ^'«es .were apparent, whereas in the two other lines ho skin changes or other 

S! Z ZSZT"* 0 deV ' at,0nS COU ' d ^ ° bSerVed> fUrther deta " ed «-Parat«ve studies of 
;_y the #1010 transgenics one of the lines with apparently normal phenotype (#107) and non- 
transgenic littermates were Included as controls. 



r|5 The importance of the transcriptional regulation of the recombinant scce gene was 

demonstrated by the results achieved from other variants of transgenic mouse models. In 
these experiments different regulatory elements were Inserted upstream of a genomic 
fragment comprising the human scce structural gene. For example, the mouse/human 
keratm 14 promoter (Vassar et al.) was utilized with the Idea to target the expression of 
30 recombinant scce to more basal cel. layers than Is the normal distribution for endogenous 
SCCE. Also, a long genomic fragment containing the native human scce upstream 
regulatory sequence including the promoter was tested and evaluated. In these 
experiments the resulting transgenic mice neither showed any signs of aitered neither skin 

35 cZ ri ° OQy r r S T ° f ,tCh ' 1716 deta " ed C ° nStnJrt f ° r re «™*.na„t «« expression 
35 comprising the sv40 early enhancer and promoter elements resulted In a surprisingly 

restricted distribution of expression and a transgenic mouse having very Interesting 

changes in skin biology and dear signs of Itch. This phenotype and expression pattern 

were surprising since the sv40 early regulatory sequences normaHy mediates high level 
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transcription in proliferative cells whereas here the strongest expression In differentiated 
keratinocytes was observed. 

To the knowledge of the present Inventors, this is the first report of a mouse model for 
5 Itchy inflammatory skin diseases produced by genetic manipulation of an enzyme, which 
may be skin specific. The SV40-scce transgenic mice are likeiy to give new insights Into the 
pathophysiology of itchy human skin diseases and provide a new animal model for 
development of treatments directed at an organ-specific target. At the RNA-levei 
expression of SCCE can be detected in several organs, although not at levels comparable 
10 to skin (Hansson et ah 1994 and Brattsand et af. 1999). In non-mallgnant tissues SCCE 
protein has so far been found only In high suprabasal cells In squamous epithelia 
undergoing corniflcatron and with a need for desquamation (Ekholm et al. 2000 and 
Ekholm et al 1998). The present Inventors show here that over-expression of SCCE In mice 
; at a site close to where It Is normally expressed leads to a condition which to some extent 

q 15 simulates common, often debilitating human skin diseases such as atopic dermatitis and 
SI psoriasis. 

nj 

! ' In SV40-scce transgenic mice with phenotypic skin changes expression of transgenic SCCE, 
p RNA as well as protein, was found also In other organs, especially small and large 
& 20 intestine, and lungs. The fact that no pathological changes were seen In these organs may 
O be explained either by a resistance or unresponsiveness to effects mediated by SCCE, or 
by a lack of SCCE-actlvatlng enzymes In unaffected organs. SCCE, human as well as 
murine, Is produced as an Inactive precursor, which is converted to active protease by 
Q tryptic cleavage at a conserved site (Hansson et al. 1994 and Backmann et al. 1999). The 
fw 25 enzyme responsible for SCCE-activation In the epidermis has not yet been identified. 

The SV40-scce transgenic mice had a somewhat unexpected expression pattern of SCCE in 
the skin. Since the transgene construct contained the SV40 promoter it was expected to 
find the highest expression at sites with proliferating keratinocytes, i.e. in the basal layer 

30 of the epidermis and in hair follicles. On the contrary, no evidence of SCCE-expression was 
found in basal cells. Instead, as found by Immunohistochemistry, there was expression in 
suprabasal cells, the intensity of which continuously Increased with distance from the basal 
layer. This pattern Is similar to that seen in psoriasis (Ekholm et al. 1999) lesions and 
chronic lesions In atopic dermatitis in humans. A possible explanation may be that the 

35 human scce-gene contains Internal regulatory elements that suppress its expression In 
undifferentiated keratinocytes In the epidermis. 



The mechanisms by which SCCE can cause a thickened epidermis with hyperk ratosls, a 
dermal Inflammatory Infiltrate, and itch remain to be elucidated. According to the current 
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view the SCCE precursor Is synthesized In high suprabasai epidermal keratlnocytes and 
stored In lipid rich lamellar bodies. In the process In which a terminally differentiated 
keratlnocyte is transformed from a viable cell to a corneocyte, i. e. a building block of the 
cornlfled surface layer of the epidermis - the stratum corneum - the contents of the 
5 lamellar bodies. Including SCCE-precursor, are secreted to the extracellular space, where 
conversion of pro-SCCE to active protease Is taking place (Sondel! et al. 1995). One 
possibility is that SCCE, which has been activated as postulated, diffuses through the 
epidermis to the superficial parts of the dermis, thereby inducing epidermal thickening as 
well as dermal inflammation and activation of Itch-mediating nerve endings. In previous 
10 studies on proteases as potential mediators of Itch the enzymes were Injected 

Intradermal^ in human volunteers. Injection of trypsin and mast cell chymase caused itch 
by a mechanism believed to Involve release by mast cells of histamine, whereas the Itch 
caused by Intradermal^ Injected kalllkreln appeared to be mediated by a mechanism not 
!** Involving histamine (Hagermark et al. 1972 and Hagermark (1974). Treatment with an 
:Sj 15 antihistamine drug appeared not to relieve the Itch seen In SV40-scee transgenic mice (A, 

Ny and T.Egelrud, unpublished observation). The feet that SCCE detected by 
M* Immunohistochemistry in skin of SV40-scce transgenic mice was confined to superficial 
!~ parts of the epidermis suggests that the dermal inflammation and the pruritus observed In 
V these mice were not direct effects of active SCCE. In addition, signs of Itch were not seen 
a 20 before the age of around 5 weeks, whereas overexpresslon of SCCE was found also In 

□ younger animals. An alternative explanation to the changes and signs caused by over- 

I W expression of SCCE In the epidermis could be that an Increased proteolytic activity fn the 
transition zone between viable epidermal layers and the stratum corneum may lead to 

□ release of mediators, which diffuse to other parts of the skin where they cause epidermal 
itJ25 changes, dermal Inflammation, and pruritus. A third possibility Is that the epidermal 

hyperkeratosis and achantosis, dermal Inflammation and pruritus are results of adaptive 
responses to a deterioration of the barrier function of the stratum corneum caused by 
Increased proteolytic degradation of structures responsible for intercellular cell cohesion In 
the cornified layer. The proliferative response of the epidermis could be a result either of a 
30 direct effects of the released mediators on keratlnocytes or an effect which Is secondary to 
the dermal inflammation. 

Recently a direct association between a defective epidermal barrier function and aberrant 
proteolysis in an inherited human condition with severe skin disease was described. Strong 
35 evidence was presented that the disease-causing mutations in Netherton 's syndrome are 
localized to a gene coding for a precursor of serine protease inhibitors (Chavanas et al. 
2000). These results, together with the present results, suggest that increased activity of 
serine proteases In the skin may indeed play a significant role in skin pathophysiology. 
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DETAILED DISCLOSURE OF THE INVENTION 

1 ^ZT* "TTZ t0 a non human trans9en,c »■«-»—. embryo 

leasTa l ' K 9en ° me 3 "—*«"- — «• -«""- comprising a, 

least a srgnmcant part of a nudeotlde sequence coding for , stratum comeum 

SZtrZZT CS , CC6) " 6 Var,aM *~ ' OPa,ab " "" ked * * «"« -Hvas 

expression of the heterologous scce or a variant thereof in skin. 

H™^™**" 0 " 13 re,a,Tea 10 " ° NA ■"""■« «*»«, or connected to 

another DMA sequence which codes for polypeptide not coded for ,„ „,«„™ by ONA 

not give rise to a heterologous DNA sequence as defined herein. 

53 ha^TlT ^7 Sent ,nVent '° n re ' ateS to 3 tranS9en,C mammaI «- -ammallan embryo 
having integrated within Its genome a heterologous nucleotide sequence compr| S . ng a 7 

*™ n r ant pa r a nuc,eot,de s ™ f ° r a ™ 



Ci5 



20 



By the terre homan „»„ chyn , otrypHc e 

Protege having «he amino M d sequent SEQ ,D NO: 2 ..escrfbed In WOgs/00651 "d 

™ £T h r ' numb " 1 " 9 * " not consistent between species. As 

e^ctly the ammo add sequence shown In SB, ro NO-.2, * mey e.g. be , SCCE protege 
30 IT.H 7 7' ^ K fr ° m 3 '" 9 < rat ° r » - synthetic polypeptide 

Zd . ^ 1 : ' D NO:2 ' ^ SCCE Vadant 9 — »* —i ~bL,es 
raised agalns, purified native or recombinant human SCCE and win generally have 

Sr 1 " "T" ■ De 3 » W * - «- inhlb^ r^e same 

amn , SP ° nBne<,US - «*— — <*« can be induced ,„ mode, syLms 

35 temperature, ,.e. about 37-c, as described In WOgs/006Sl. 

t::;^rc«r ™ ow,n9 ^ *" are s,9nmca - t a,n " iari, " s ba ~- 
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Table 2. Alignment of partial deduced amino add sequences from different species 
corresponding to residues 162-184 of human SCCE (Hansson et aM994). In bold are 
shown the residues Asn-170 and Ser-176. 

Cow SCCE NH2...AGIPNSRTNACNGDSGGPLMCKG... (SEQ ID NO-4) 

Pig SCCE NH2...AGIPNSKTNACNGDSGGPLVCKG... (SEQ ID NO'S) 

Hum SCCE NH2...AGIPDSKKNACNGDSGGPLVCRG... (SEQ ID NO-6) 

Rat SCCE NH2 •AGIPDSKTNTCNGDSGGPLVCND. .. (SEQ ID NO'7) 

Mouse SCCE NH2 AGIPDSKTNTCNGDSGGPLVCND... (SEQ ID NO:"a} 

The bottom of the primary substrate specificity pouch (see Hansson et a.., 1994) In SCCE 
from different spec.es (residue no 170 In Table 2 above) contains a conserved asparag.ne 
res-due, which Is unique among known serine proteases. Also the sequence between this 
res,due and the active serine residue (no. 176 ,n Table 2) ,s highly Unserved. tT 
suggests that the function, e.g. specialized catalytic properties, of SCCE Is oltlca.iy 
dependent on the mentioned asparagine residue. 



:"5 5 

% corresnJnT VTT* * ^ ^ Se « uences f ™ species, 

JP corresponding to residues H 7 - 27 of human SCCE (Hansson et al. 1994). In bold are 
^ shown the residues advent to activation site (C-termlna, of Lys-(-i) of Arg (^ 

STsSf ^^^^^^PCPRGSQPVVQVALLXGSQLHCG... (SEQ ID NO 9) 

8 Hum ScL " Q^GQDKSQEKIIDGVPCPGGSRPWQVALLKGNQLHCG. . . S S » 

I RatSC^ • • • - ^^AQGDKIIDGAPCARGSHPWQVALLSGNQLHCG. . . (SEQ ID NO: 11) 

Mou S S e C scCE ^^^H^^^CG... (SEQIDNO:12 

Mouse SCCE „ „ QGERIXDGIKCKEGSHPWQVALLKGNQLHCG. . . (SEQ ID NO:13) 



Active human SCCE is formed by c.eavage C-termlna. of' K in the sequence KIIDG etc This 
activation can be catalyzed by trypsin , n v.tro (Hansson et a,. 1994 ) 

nn~Tj, amin ° SEqUenCe adJaC6nt t0 th ' S deaVa9S Slte reveate a high dagree of 
35 Z Z SPeC,6S ' ^ C ° nSenSUS S6qUenCe ,S G-^-I-I-D-G (SEQ ID 

Zn*T7 ^ ' S 6lther ^ 9 ' Utamate ' S (K) or 

argmlne (R). Aspartate and glutamate are functional^ slmi.ar, both having negatively 

oosldv , T IOna ' 9TOUPS - S3me ^ f ° r ' ysine and which bottave 

Positively charged functional groups and forms sites for cleavage catalyzed by enzymes 
with trypsln-Uke primary substrate speclficitv Thn m „ »«iyzea Dy enzymes 

v u DSC race specificity. The consensus sequence adjacent to the 
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funmon of which a SCCE-.JL,, ^ «*"»<«•<»■> epldenms. the specie 



10 



>2 



function of which is SCCE-actlvatlon 

fco.eudne-aspartate-slyc.ne (SEQ ID NO.-M) whereTx T ^ 

■ senna resld*. ».n^c^™ D !" M "«~ * "» ■«» 

S express.on m sWn "*"* *> » P™— that 

I y 

8 ^wlT ""r'"""' 8 ' en ° 0de< ' P ° l "» WW ' 1— «e„ 0ty or .« .east 
S 80 A with the amino add sequence shown In SEQ ID NO-2 such as » ZZ 
- Last 95%, p referably « , eaa 9 , % ^ ^ ^J^*" ^ " « 

30 th. sequence of . 1^ ".T" """^ <e! '" *"* om to »*«'«'«' 

—-™c::r^ 

the correspond^ p„s,t,on ,„ the second sZZZZln Z ^ " ~* " 
35 Pos„,o„. The percent .dentl* hetween the^wo Z. J * *" 

identical positions shared h« «. , equences is a function of the number of 

# of PositLL 1 g ovUn qUenC6S C, ' e " % ldenUty - # ° f ,de "« Ca ' Po S .«ons/tota. 

are the same ,en g 'h ^ 9 X ™ •"*•*"•«« two se.uences 
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Alignment of two sequences for the determination of percent Identitv can h 
usrng a mathematical algorithm A oreferr^ „ „ ^ " be acco ™P'lshed 

Altschul (1990) Proc. «t Acad SC. USA 87 STSL V " " 
* (IMS) Proc Nad. Acad. SC. USA 90 SS 73 S„7 S Z ' ^ " ^ 

BLAST nuclide searches can be performed ^ Z 215: '' 03 - 10 - 
wordlengtb = 12 , „ obta| „ ^ sequenlThomoto Pr ° 9 ram ' " 100, 

of the invention, blast prwan search^, homo " > 0° us '» * nucleic add molecules 

molecule o the invenL, ro ooTo" ! *" SeqUen0eS h °™"*'>~ * * mM. 

— can he -^^^2^^ ^ 
402. Alternatively, PSI-Blast can be u^h - J A ° ldS ReS " 25: 3389- 

«~ ^o^ ^:irr.i: ™ r :*r 

BLAST programs, the default DarametPrc «f «, ^ XBLA ST r and Gapped 

sequences have been allon«rt „ „ k m. "luence Identity can b. calculated after the 
Nat, Acad Sc. USA^aa^f T. " ^ UPma " "*~ 

#0 penalty- can be us«i for alignment. ^* ** SCOHnSI maW *" a "« "9=0 

"i p ^Ze::rortr;:rr" * — ~- 

exact matches ar. coonl " ^ " C< " CU,Mn9 * l<te "«"V- "* 



Q 
M 

Mb 

m 



ru 



having at least , anTo " " M< " ,enC " "•""""O * """-P"- 

,„ an ZmCan^ ^ZS"^ T ^ " - 
30 Is useful and maybe even necessTrv Z TfT? * " c °" t """>>'««' «"* » 

nuceodde sequence ccTno^TsccE 7a "^"o * 

P-esent ,„ theLman « J^.^' ^lo ™ " "T " ^ * °" "*™ 
number AP33aS03 „b,ch h.^y te Incorpo Jed 1^™,^ o n. aC " SSU "' 

species or ml " necessar V and that Intron sequences from SCCE from other 
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It is contemplated that only a minor part of SCCE Is necessan, m ^ . . , 
ion ^ , . ^ wu ^' e ' 9 ' at ,ea st 70 amino acfds, at least 

::rrc™:r r no:i ^ - ~r a „ p :rr,„ 
s sa mbTO)k « al , 19S9 , „ 45 ' * ™ "r u e me,t " , ° po,nt t - * 

m ^rinn^" , *• ^ " 49, Prefer aWV/ the conditions are "highly 

mv;. j., may be able to encode a SCCE. 
30 The vectors for expressing the nucleic acids having nucieot.de sequences coding for a 

funct,onal relationship with another nucleic acid sequence For instan- 
enhancer Is operatlvely linked to a ^"^e. For instance, a promoter or 

35 sequences. The Z^r ^ enh " T"" ' * ^ ^ *™<«*»n of the 
SV40 eartv rZi 77 ^ 0,6 Same ° r tWO d **™* entities. The 

ZZZ^ZT"" ° fan lnte9rated ~' - d e " h — Opera^Iiy 
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nucleotide sequence coding for a stratum comeum chymotryptic enzyme (SCCE) or a 
expression Is specific for one or a few target cel. types (a tissue-specific promoter) An 

r^rr . °°* examp,es ° f p™—« - e o^r ^ 

promoters such as polyoma early promoter, retroviral long terminal repeals ![™ 
adenovirus promoters, and house keeping cellular genes such as B a^n L ,h 

» and dogs. A preferred embodiment of the Invention is a tr»n*n~*-~ . 
□ embryo, which Is selected f mm «, ,nven «°n * a transgemc mammal or mammalian 

i t) Y ' " ,S se,ectec ' from the group consisting of mice. 

g? preferred embodiments, the DNA seqSnce codes for the n J*M * 
^ 30 add no. -7 throuoh no 224 n f m, , \ PeptWe ^^Pondlng to amino 

non™ amlno^acid sequence shown In SEQ ID NO 2 the 

peptide corresponding to amino acid no. 1 though no 224 of rh« » . 
shown in seq id NO 2 or the QPnWf , 0 k X 6 am ' n ° ac,d se 1 u ence 

w iu wu. * or the peptide shown In^SEQ ID NO. 2 Presenth/ n«fa^ 

P n ror cancer, e.g. a predisposition for ovarian cancer. 
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Preferably, the mamma, or mammalian embryo according to the Invention exhibits an 
abnormal skin phenotype resembling one or more Inflammatory skin diseases 
characterized by epidermal hyperkeratosis, acanthosis, epidermal and/or derma, 
inflammation and/or pruritus, e.g. inherited skin diseases with epidermal hyperkeratos, 

ZTT VU 'T' PSO,1aS,S ' Chr ° n,C at ° P,C dermattt ' S ° r *-* e — The mamma, or 

ZZT "7*° aCC ° rdln9 t0 ^ ,nVent '° n thUS 6Xhib,t e " der ™' Hyperkeratosis, 
achantosis, epidermal/dermal inflammation and/or pruritus. 

io Tarn IT" re ' ateS t0 3 meth ° d f ° r maWn9 3 tran ^ enlc «" mamma, or 

10 -mmauan embryo having Integrated within its genome a heterologous nuc.eot.de 

sTrl" C ° mP 9 ' eaSt 3 S ' 9n,,,Cant Part ° f 3 nUde ° tWe «»*""- cod,ng for a 
PnTmoI Z7! Chym ° t,VPt,C en2Vme <SCCE > ° r a v»*nt thereof o P erab.y linked to a 
promoter that drives expression of scce or a variant thereof in skin, the method compris.ng 

I' if afnP,,fV ' n9 3 nUde ° t,de SeqUenCe C0fnpriS,n9 at ,east a «"*«-nt part 

t ° f 3 nudeot,de se <^»« coding for a stratum corheum chymotryptlc enzyme (SCCE) or a 

f° (5) '"to a non-human eel, said heterologous nucleotide construct, 

^ nont^r" °T B Pr ° 9eny ° f Ce " t0 3 nUmber of ■»«■«*• <™sgen,c 

p, non-human mammals or mammalian embryos, 

I n d j ' e '^ in9 S3,d n ° n_hUman mamma ' or mammaiian embryo having said heterologous 
nucleotide construct Integrated within its genome. 

inteT a " b ° diment ° f the ,nVent,on sa ' d ^nsgenic mamma, or mammalian embryo have 
Integrated a nucleotide sequence coding for human SCCE or a variant thereof as defined 
30 above operably linked to a promoter that drives expression of scce in epidermis in a 

a— IT!™"', ' nVenti0n re ' ateS tQ 3 method for * transgenic mammal 

aTv Tne rne^d ^ *" mamma ' ""^ 3 " >*™*">* « d ^ 

above. The method compnses introducing the SCCE-construct into an ovum or embryo of 

35 1, 7? 1 y P yS,Ca '' Ch6m,Ca ' ° f V ' ra ' meanS ' e ^ °V electroporation, transfectlon 
coirr 0 7 r r? ,lnfeCti0n ' Inapreferred - b ° d <™™ 

e~e~ T ,nt ° " ° VUm " embrV ° ° f ^ — l ° r "*° «~ stem 
ceils of the mammal. In a preferred embodiment, the method according to the invention 

compnses microlnject.ng the SCCE-construct into C57BL/6 J xCBA-f 2 mice ovum or 

embryos. The method preferabiy further comprises breeding the resuitlng mice with 
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Another aspect of the Invention relates to the use of ► 
q phenotype, the method comorislna unwanted 



'-4 
ill 



^ ".d^exhibteanabnonnBlphenotype, XPre5S """ >f *— the 

St 

* ^ni=rr= 

- ri=r.-=sv=r- 

phenotype, the method comprising 

as „ ,™ : r^zzdr a sio r ant part ° ,scc6 

rodent an abnonn3 , phenotype ra e * PreSS,0 ° "*• — »■•"«». where ,„ the 
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IZZZT 9 aPP6aranCe ° f the re ' evant -d/or the behavior of a treated 

rodent with an untreated control mammal. 

5 2i^ n rr m T d or compos,,ion " ■» ~ - 

treatment of the abnormal or unwanted phenotype. 

10 ~^ P-=n« y preferred embodiment of «. mvendon re, at=s „ I ^ J *° 
10 screening for or Kfentffylna a compound or composition effective forth.™.., 

r of m ™ orv swn d,seases - - «~: or 

relate to a method of screen.ng for or .dent.fy.ng a compound or compos,t.on effective for 
the p reven t,on or treatment of chronic atopic dermatitis and psoriasis Also thT^tlon 
p relates to a method according to the Invention for seining of a cosmefc comp^n 

\l Another important aspect of the Invention relates to a method of preparing a 

m Z7ZTJZ7° Sm0n C ° mPriSeS: 0 ld ^»"^ compound or composlbon as 

%0 uTn L * epreVenUOn0r ^^ tofa " ab "0"na. or unwanted phenotype 
-° T 9 meth ° d the P~"t invention, and ,1) m ,x»ng the compound Z a 

^ Pharmaceut.ca.ly acceptable exclplent or diluent. 

in particular, the »nvent,on relates to a cosmetic or pharmaceutical composition that has 
been ^covered or developed by use of the above methods comprising 1 of a tra nsgenic 
mamma, or mammal.an embryo as described above, in this respect the .nvenfo^Xs 
to pharmaceutical formu.atlons for systemic treatment as well as for cosmeH and 
Pharmaceutical fbrmu,at,ons for topical application on the s k ,n or epItheZ 

30 a Y bn Q a rI? er aSP6Ct ° f ,nVent '° n re ' ateS t0 9 mBth ° d ° f » P^entlng an 

su^Z ' °™ Phen0tVPe Wh ' Ch mSth0d mistering to a pat, nt 

1? h ! " abn ° rma ' ° r UnWanted Phen °^ e a Pharmaceutlca. compos^n 
prepared according to a method of the present Invention. composite 

35 2v ^ emb ° d,ment ° f the ,nvent,on * a method of treating or preventing 

35 Itchy .nnammatory sfcn d.seases such as Ichthyos.s vulgaris, prurigo nodularis 

"Chen p,anus. Other preferred embodiments of the Invention relate to 
methods of treating or prevent.ng chronic atop.c dermatKIs and psor,as«s 
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LEGEND TO FIGURES 



Figure X. 

°™",za«on of the human and murine st™ctu ra , genes end the recomblnen, sv^nsore 
pens The s,xsxons ere ,nd,cated as b.ack boxes. The tnmsradona, star, sites JatedT 
5 exon 2, are Indleated „,th -ATG-. and the stop codons ,n exon 6 „„h -TM^o*T 
poslbon o f the swoe transcpbona, rogatory element ,n the consj^™ 
the transgenic animal Is Indicated by an arrow. generate 

Figure 2 
10 pS99. 





Figure 3, 

P^l™ a " a,V V reC ° mb,nant hUman ~ ■*« vartoos «-» 

preparations from the bensflenic IwesWo (b,e<* ban,) and «07<em pt) ,be„> 

1 IT"" Mm&d ° Ut °"V ^ Poled nTa^L-n 

5o ^r^iT^v" vartous Bssues *- *• «-•"* ■»- *«»o 

JO ^ ^)««07(« nptK l5«,. ndnoMran .^ Analyses in 

_ controls. Mean and SD. 
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Figure 4 

hi 5 "! T ^ SCCE mto. „„ . extract of 

exZ ST,* - "" COrneU " ,; * " ^ * ^ *»" » 01 ° ^ »-e; m . 
extract of skin from „„ d ^ Appro)dmate , y „ ^ 

r * 1 " ~~ ^ an ° ~™ *" — — - * : ~Cea rt n 0 by 
ZTSS a " ,UOted ' ' VO, """ Md ' an ° " S °"""" Md » —«*»~- 

Z'ZZT T S ? CE - SPKmC a V"^ «• Arrowheads denote, from 

top to bottom, plycosyatad pro-scc E . ^ of unpryco^ated pro-scce and 



, . ' ' v W1 « ,a a»ycosyiaced pro-SCCE and 
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Arrow denotes SCCE. O-*^"" « "i» of M, f„ r To ,„ d wt , rospecOvoly. 

5 Is T»2 , ?TZZ 6V aaeriSkS ' m °' eCU,ar "- 9ht •« «°P 106. 81. 47 5 

35.3, 28.2, and 20.8 kDa respectively ' 



Figure 5. 



5 numoer or ^ST """"" " " * «- 



0 Figure 6. 



2?j hematoxylin. A and C- #ini n , S P^^ antibodies, contra-stalnlng with 

Figure 7. 

- 518 „ mc » nt dlfrerence (p , 0 0S) between ^jrit^-^p. 

Figure 8. 
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EXAMPLES 

The following examples are provided for illustration and are not Intended to limit the 
Invention to the specific examples provided. 



5 EXAMPLE 1. 



isolation and cfoning of the human SCCE gene. 

The human SCCE gene was Isolated from a human leukocyte genomic library cat. no HL 
1111 j lot # 3511 (Clontech, CA) by using cONA probes derived from the human scce 
10 cDNA. A 253 bp cDNA fragment was amplified from pSSOO (Hansson et ah, 1994> by PCR 
using SYM3300 (5 ' -GGTGGCCCTGCTCAGTGGCA-3 ') (SEQ ID NO: 16) and SYM3301 (5 
CACCATGGATGACACAGCCTGG-3 ') (SEQ ID NO: 17), ^-labelled by random prim.ng using 
ol.go-labell.ng kit (Amersham, UK) and used as a probe for screening. The fragment covers 
h& bases 149 to 401 of the published human SCCE cDNA sequence (Hansson et al , 1994) 

I?" TZTT* S * 10S P ' aqUeS ^ SCreened ' R ' teR5 Were pre P ared ' P-hybrldlzed and ' 
w hybridized at 65 «C, and washed at 65 «C and 25'C In accordance with the membrane 

ji man "^cturers recommendations (Colony/Plaque Screen™ hybridization transfer 
m membranes DuPont NEN, MA). Filters were exposed to Hyperfi.m-MP (Amersham, UK). 
H* After three rounds of screening, Individual positive clones were selected, and phage DNA 
*20 was Isolated using standard techniques (Sambrook et a.., 1989). Phage DNA was d.gested 
□ SeVera ' restric «°" «"W and Southern blotting was performed using three different 

rU Pr ° beS * F,rSt ' tne 253 b P 5 '"fragment described above was used. Second, a 618 bp 3 '- 
H. "encoding cDNA fragment was used as a probe. The fragment was ampiified by PCR using 
rj PS501 as template, forward primer SYM3302 (S '-AATAAAGAAACACAAAACCC-3 ') (SEQ ID 
ip NO: 18) and reverse primer SYM3418 (5 '-TGTAATATCATTGTGGGC-3 ') (SEQ ID NO: 19) 
PSS01 is a plasmid containing 1888bp human SCCE cDNA isolated from a Xgtl l 
keratlnocyte cDNA library ..gated Into EcoRI site of pUC19 and covers cDNA with coding 
sequence from amino add four over the stop codon and contains 868 bp extra 
untranslated 3' sequence. Finally, a 897 bp fragment containing the entire coding SCCE 
30 cDNA sequence was lso.ated from EcoRI/Dral digested pSSOO (Hansson et al., 1994) and 
used as a probe. Probes were labelled and hybridization was performed as described 
above. Two positive clones were digested with Sail and cloned into pUC19 generating 
PS772 and pS773. In order to determine the DNA sequence of the human SCCE gene 
several overlapping subclones of P S772 and pS773 were generated in pUC19. Subclones 
35 were sequenced using the dideoxy chain termination method (T7 sequencing kit 
Pharmacia, Sweden or the Dye Terminator Cycle Sequencing Ready Reaction kit PE 
Applied Biosystems, CA) with M13 forward and reverse primers as well as specific primers 
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Isolation and cloning of the mouse SCCE gene. 

To Isolate the murine SCCE gene, a 430 bp cDNA fragment was Isolated from Hlndlll/Sall 
digested pS506 (Backman et al., 1999). The fragment was 32 P-labelled by random priming 
using ollgo-labelling kit (Amersham, UK), and used as probe to screen a 129SVJ Lambda 
5 Fix II genomic library (Stratagen, CA). Approximately 1x10* plaques were screened. The 
biots were prepared, prehybrldized and hybridized at 65 °C as described by the 
manufacturer (Colony/Plaque Screen™ hybridization transfer membranes DuPont NEN, 
MA). Washing was also performed as described in the hybridization protocol and 
membranes were exposed to Hyperfllm-MP (Amersham, UK). Individual positive clones 
10 were selected after three rounds of screening. A few positive plaques were further 

investigated by PCR using SYM4118 (5 -GGATGTGAAGCTCATCTC-3 ') (SEQ ID NO: 20) 
and SYM4121 (S '-TGGAGTCGGGGATGCCAG-3 ') (SEQ ID NO: 21). Obtained PCR products 
were analyzed by Southern blotting using the probe and conditions described above. Phage 
M; DNA was teola ted from confirmed positive clones using standard techniques. Southern 
t*5 analysis was performed on phage DNA digested with a panel of restriction enzymes using 
-j the probe and conditions described above. One of the positive clone was digested with 
;i SacI ' and a fragment of ~15.5 kb was Isolated and cloned into puci9 generating pS7l4. 
;l| Several overlapping subclones of pS714 were generated in pUC19. DNA sequencing of the 
subclones were performed as described for the human SCCE gene 

120 

q Primer extension analysis. 

jfU Two exon 1-speclfic oligonucleotides; one human and one mouse, were used to determine 
h~ the 5'-prime ends of the human and murine SCCE transcripts. To determine the start of 
g the human transcript (Ausubel et al.) a PCR fragment of 346 bp was amplified from 
rS 5 P ' asmld pS779 (A subc, °ne covering 5'-untranslated sequence, exons 1-3, 5'-end of exon 
4 and introns 1-3) using forward primer SYM4720 (5'-GGGAGGGTGGAGAGAGA 
GTGCAGTG) (SEQ ID NO: 22) and reversed primer SYM4899(5'-AGTCTAGGCTGCAG 
CCCCTAC-30 (SEQ ID NO: 23). To prepare a 245 bp "P-dCTP labelled single stranded 
probe, primer hEXONl ( 5 '-CTCG AGGG ATCTGATGTG ATCC-3 ') (SEQ ID NO: 24) was 
30 annealed to the amplified fragment and labelling was performed using the Prime-A-Probe 
TM DNA labelling kit (Amblon, Austin, Texas, USA). 10 6 cpm labelled probe was mixed with 
50 ug total RNA from human skin. Hybridisation and SI treatment was performed using 
Si-Assay™ (Amblon, Austin, Texas, USA). The final product was analyzed on a sequencing 
gel. Dldeoxy sequencing reactions of pS779 primed with oligo hEXONl were used as size 
35 markers. 



The start of the murine transcript was determined using SacI linearized pS721 (A subclone 
covering 5'-untranslated sequence, exons 1-3, introns 1-2 and 5'-end of intron 3). A 225 
bp "P-dCTP labelled single stranded probe was prepared by annealing of primer mEXONl 
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(5'-CTGGGAGTGACrrGGCGTGGCTCT-30 (SEQ ID NO: 25) to the linear plasmld and 
labelling was performed using the Prime-A-Probe TM DNA labelling kit (Amblon, Austin, 
Texas, USA). io« cpm labelled probe was mixed with 50 ra total RNA Isolated from mouse 
tall. Hybridization and SI treatment was performed using Si-Assay™ (Amblon, Austin, 
Texas, USA). The obtained product was analyzed as described above using sequencing' 
reactions of pS721 primed with ollgo mEXONl as size markers. 



RESULTS 



10 



(Nucleotide sequences In Gene Bank: Human scce (hSCCE): accession number AF332S83- 
Murine scce (mSCCE): Acesslon number AF339930.) 



A human leukocyte EMBL3A. genomic library was screened using a probe made from the 
coding region of human ssce cDNA (Hansson et al., 1994) Individual positive clones were 
Idenhfled. Based on restriction analysis and Southern blotting two overlapping clones 12 
and 15.5 kbp In size respectively, were selected. These clones were spanning the entire 
15 scce cDNA. The genomic structure of the human scce structural gene comprises six exons 
and spans approximately 8 kb. The organization and sizes of exons and Introns are shown 
JJ n fig 1. The translation Initiation site (designated + 1) Is found 60 nucleotides downstream 
•**■ the 5 -end of exon 2. 



,^0 To isolate the murine scce gene, a SVJ129 genomic XFIX™ n library was screened using a 
probe corresponding to the coding region of murine scce cDNA (Backman et al.). Among 



: .- 



thS ,SO,ated c,onGS one na «-borlng about 15.5 kb was shown to contain the entire murine 
g structural gene. A major part comprising 11770 nucleotides was sequenced and the murine 
m structural scce gene was shown to be shorter than the human gene. However, the overall 
25 organization reveals several similarities with the human homologue and also consists of six 
exons (figure 1). since the poiyadenylatlon site of the murine cdna has not been Identified 
so far, the exact size of exon 6 could not be determined. However, a putative poly A site 
was localized 136 bp 3'-prlme of the stop codon. The translation Initiation site (designated 
+ 1) is found In exon 2, 39 nucleotides 3' of the intron 1 3Mntron-exon Junction. 

30 

To determine the 5' ends of the human and murine transcripts primer extension studies 
were performed. Sequence analysis of the human cDNA (exonl, unpublished results) 
revealed that the major human primer extension product extends to the nucleotide 
Identified at the 5' end of the human cDNA sequence (Hansson et al). Analysis of the two 
35 major products obtained from the murine gene by primer extension reveal two different 
transcription starts. One product extends to one nucleotide 5' of the murine SCCE cDNA 5' 
end (Backman et al.). The other product extends to one nucleotide 3' of the cDNA 5' end. 
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EXAMPLE 2 



Generation and gross phenoty pic characterization ofofscce transgenic mice with the hscce 
gene under control of the SV40e promoter 

Construction of transgene. 

In order to overexpress the human genomic scce structural gene under transcriptional 
regulation of the simian v,rus 40 ear.* SV40e, enhancer and promoter, an expression 
vector was constructed. The scce genomic DNA was modified by Insertion of mn .inkers 
20 bp upstream of the start codon and 4.8 Kb downstream of the stop codon, respectively 
The resulting ********* was the .igated to a 325 bp aa^rClf 
PS99 (Figure 2) containing the SV40e enhancer and promoter e«ements and cloned Into 

T 7 " ^ 9 ^^ 9 ' n PAM " 9 - ^"-transfer, 
PAM 19 was d,gested with flamHI and C/al and the SV40e /S cce fragment of' bout 10 7 kb 
gl5 was isolated and purmed by electrocution before microinjection Into one-cel, staged 
l~j ova. 



10 



y Transgen,c mice were generated In C57Biy 6J xCBA-f2 embryos by standard microinjection 

L T^T ( ^ a '' 1986) - ^ 10 ' ? to SV40e / s «* ^gment to be Injected was 

150 excised from the P AM119 plasmid by restriction enzyme cleavage with BamHI and Cial 

O rrTl^ e,ectrophores,s thra "9" ^ agarose gel, cut out, Isoiated using 
l^j (sotachophresls and precipitated with ethanol. 

HJ Identifying transgenic animals. 

f 1° trans 9 en,c DNA was extracted from tall biopsies of 3-wk old mice and 

the DNA was analyzed either by Southern blot analyses or with PGR as described in 
Ausube, et a. The PGR analysis was performed using primers specific for human scce (IE2: 
t^Z CCA ™ CTC CCC AGA GA-3 ' (SEQ ID NO: 26) ,MJ2: S'-CCA CTT GGT GAA 

30 denaturation at 95 -C for 10 min., followed by 28 cycles of denaturatlon at 95 -C for 30 
sec, annealing at 65 -C for 30 sec, elongation at 72 -C for 45 sec and finally by a 10 m.n 
elongation at 72 -C. The resulting PCR products were analyzed by standard agarose gel 
e.ectrophoresis using a 1 % agarose ge , and vJsua||zfng ^ ^ ^ ^ 

35 eZn h rK AU K SUbe ' ^ 1992 ' ^ tranS9en,C ' ,neS (#103 ' #107 «010) were 
35 established by breeding heterozygous mice with C57Bl/6JxCBA. 
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RESULTS 



As expected, «nit.a. characterization of the three „nes reveaied very ,arge differences in 
levels of recombinant scce expression (see examp.e 3). in ,ine * 1010, which has th" 

S "nf" T ,eVe ' S ' abn0rma,,tteS ^ aPP3rent ' ~ »" other 

detail " 0th6r 9TOSS Phen0tVPlC deVfat, ° ns could * observed. FOr further 

detaiied comparative studies of the #1010 transgenics one of the „nes with apparent^ 
norma, phenotype (#107) and non-transgenic iittermates were Included as con Zs 
Maaoscop, phenotypic changes ,n transgenic #1010 animais were noted as a .oss of hair 
from a narrow zone around the eyes In mice 4-5 weeks of ao « t„ «m , . 
10 apparent thinning of body hair In g en erai L IT, ° ^ W3S 

b ac i, hho -u. J, general, and a luster-less appearance of the coat, bn the 

and onwa ^ °~ - W " h «" e s — the age of 5-6 w ete 

and onwards several of these transgenic animals showed signs of itch with 'urmSZ 
frequency of which increased with time. scratching, the 

3s ^1 *zr s r h rout,ne h,sto,o9 ' ca, ana,yses were -»« on 

° eZtT , C57B ^ CBA '^and of littermate controls. Tissues 

Q an,ma s from „ne #1010 abnormal were found In the Sk ,n, but in no omeTo^or 
jJ ^ues. in mice 3 weeks of age (/. e. before phenotypic changes couid be observed by 
» 9 an ' ma,S) ^ Chan96S ^ foUnd a » an '™ls examined (n = 4) 

I ^ItlrTnZ^ t0 eP ' derma ' hyPerP ' aS,a and ^Perkeratos* LlTN 

5 leeta o ace 7 ^ T " ' eUkoCytes '" the upper dermis. In an.mais \ 

w.Z ™1 T \ abnoona.it.es were of the same type but more pronounced 

was LTn^hT T S " ,,ke hVPerP,aS,a ^ 3 hyperkeratosis «>f the epidermis which 
3 S ed IT 7T C ' ^ additi ° n ' ^ nUmb6r « ^ »" the de ™<* was 
30 h ! anima,S ' LeUkOCyte ' nVaS, ° n ° f the *We™>s was occasionally 

layer, which at these sites was parakeratotlc. 



EXAMPLE 3. 



Determining the expression of scce-mRNA srrt= nm *~t~ , 
35 srrf= /„ ci^n . ' ^CC^prate/n /n m/ce anrf cataiytlcaily active 

J* SCCE m SV40e-scce-transgenic mice. 
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Iso/atfon of tissues. 



Tissue specimens were collected at different ages and Immediately frozen and stored (n 
liquid nitrogen until analyzed. 

5 RNA Isolation and cDNA synthesis and Real Time Quantitative PCR 

rr/>°; 3 ™ ^ * *■ ,SO ' ated ° SSUeS " Ver ' SWn ' ' Un9 ' bra,n ' sma » ""on, and 

ear total rna were prepared using RNA STAT-60™ (Tel-Test Inc., Fr1endswood,TX, 

l™"""* *> manufacturer. SOpg of each RNA preparation were DNase treated 

io ™ f DNase c : rome9a - Mad,son - w - usa> acc ° rd,ng to * • A^ut r M9 

10 total RNA from each tissue was used for cDNA synthesis. Three RNA samples from animal 

si^j^r T 9 ^ ahd tissue were m,xed and cdna ~* - 1: 

S b ! SVStem f ° r "~ Stra " d cDNA Synthesis (Life Technologies, 

orim! T o7' " ' USA> aCCOrd ' n9 t0 "n- cDNA synthesis was 

pnmed using Ollgo dfT)^, pnmer. The synthesized cDNA were dl.uted lOOx in water prior 
05 o rea, time q uant«nca«on. Rea, time Nation was performed three J o T 
5 olll , Pr ° be rea ' of transgenic human SCCE were 

! " show^ T Tr ^ and ^ ^ ^ S6qUenCe b6tWee " hum - and murine SCCE 
m show irttle (less) homology . ^ forward prImer (5'-GCGAACCCCCTGGAACAA-30 (SEQ ID 

* Z 1 C T ^ POS,t, ° n " ° f ^ hUma " C ° NA S ~ Hansen e?a > ,n 
4ft) exon four. The reverse primer (5'-ACATCCACGCACATGAGGTCA-3') (SEQ ID NO- 29) 

ZZ J POSl T ' ° f ^ hUman CDNA — -on "ve. The readme 
ampKRcation probe (5'- CCTGTACTGTCTCCGGCTGGGGCACTACC- 3 0 (SEQ ID NO- 30) 

zztzt: 445 ~ 473 **• human cdna * m * -» ^sl- 

TAM^ TT ° reSCent ^ S '" 6nd and the « uencher « dye 

TAMRA ir, , the 3 -end. The amp.iflcation of PCR products and real time detection were 

cJru^W 1 T 7700 SeqUenCe DeteCti ° n SyStCm (PE App,ted B,OS ^ems, Foster 
X 7s£* A 7" flCat, ° n of a °*« of -^ne acidic ribosoma. phosphoprotein P0 (ACC# 
X15267) was used as endogenous control for the rea. time quantitation studies. The 
30 oT qU , ar ? at, ° n WaS according to the formu, a 2 - where AC T te the 

SCCE-specific polyclonal antibodies. 

» ^ ,yC, °^' antjb0dles to recombinant human SCCE were prepared and affinity purified as 

huT^ SOndeM ^ aL(S ° ndeH Ct * 1 " 6) - Th6Se arrtibodi ~ ^ -active towards 
human SCCE and pro-SCCE, as well as murine SCCE. 

Tissue preparation, EUSA, immunoblotting and kymography 

rTdH 3 EUSA Were ^ h °^ e — - 200-400 mg frozen tissue In 

1 ml dH a o containing a mixture of protease Inhibitors (Complete TM Protease Inhibitor 



□ 

!3S J 



! U 
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Cocktail Tablets cat. no. 1836153, Boehringer Mannheim, Germany), followed by 
centrlfuglng at 20 000 x g for 30 mln at 4°C. Protein concentrations was determined by 
reaction with blclnchonlnlc add with bovine serum albumin as standard 
For SDS-polyacrylamlde gel electrophoresis approximately 0.1 mg of mouse skin was 
5 homogenized in 10 ml of 1 M acetic acid and extracted over night at 4 »C. After clearing by 
centrlfugatlon extracts were allquoted, lyophillzed, and resolublllzed In electrophoresis 
sample buffer for zymography. SDS-polyacrylamlde gel electrophoresis, zymography, and 
Immunoblottlng were carried out as described (Ekholm et al. 2000). 
For ELISA polystyrene mlcrotlter plates were coated with 100 nl of SCCE-speciflc rabbit 
10 polyclonal antibodies at a concentration of 7 ng/ml prepared in coating buffer (0.1 M 
NaiC0 3 , 0.02 % NaN 3 (w/v), pH 9.6). After Incubation over night at 4°C on a wobbling 
table, the plate was washed once with washing buffer (10 mM NaH 2 P0 4 , 0.15 M NaCI, 
0.05% (v/v) Tween 20, pH 7.2). Thereafter, 200 v\ blocking buffer (10 mM NaH 2 PO«, 0.15 
M- M NaCI ' < w ' v > Bovlne Serum Albumlne (BSA), pH 7.2) was added to each well and 

||15 the plate was incubated at 37 °C for lh. The plate was washed three times with washing 
w buffer, 50 »l of sample (or standard) In dilution buffer (10 mM Na^PO,, 0.15 M Nad, 
£ 0.1% (w/v) BSA, 0.05% (v/v) Tween 20, pH 7.2) was added to each well and the plate 
il] was Incubated for lh at 37 "C. Plates were washed three times with washing buffer, and 
% further P re Pared by adding 100 nl/well of SCCE-specific antibodies (7 M g/ml) labelled with 
J20 alkaline phosphatatse Plates were incubated for lh at 37 °C before washing three times 
q with washing buffer. Development was performed by addition of 100 nl freshly prepared 
ID substrate solution (2 tablets of phosphatase substrate (Slgmal04 phosphatase substrate 
\* tablets) dissolved In 10 ml 0.1 diethanol amlne-HCI, 0.5mM MgCI* pH 9.8). Plates were 
j;;- Incubated In the dark for 30 min at room temperature. Finally, 25 nl stop solution was 
J5 added to each well and the absorbance was read at 405 nm. For quantitation recombinant 
human pro-SCCE (Hansson et al) was used as standard. 
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RESULTS 



RealTlme Quantification of human SCCE transcribed in transgenic mice. 

In order to Investigate «f the difference In skin phenotype between #1010 ABD #107 

T** ofhscce mRNA ,n var,ous fesues was — - iL,v e 

RT-PCR. The results are shown In Fig. 3A 

«* I,nes was most _«drors«„. f„ J^S^^tT 
w a s,bou t 24t, m ^h. 9 her,„, 1 010 ml ce t han 1 n#107 m |ce. 

intones. ,„d ,„„„, ^ relatlve teve| (na , mg) ^ ^ ^ ^ 

, v ^> Immunoblotting and zymography 

supported o.so Oy Immunobtattl „ 9 experlm „^ ^ " , wH^l . 
CONCLUSION 



!~1 
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transgenic mice h.gh amounts of SCCE protein could be detected with Immunob.ottlng. The 
majonty of this protein appeared to be pro-SCCE, but a.so active SCCE could be detected 
In Increased amounts. 



5 EXAMPLE 4 



Scce-transgenic mice as models for studies of inflammatory skin diseases and itch 

10 ^ ma,e T 596 "* #101 ° ^ ^ mat6d Wlth WM t "" C57B ^ J -suiting 
10 in 6 Utters w,th a tota, of 40 mice. Of these 19 (8 transgenics) were sacrificed at the age of 

7-8 weeks and 21 (11 transgenics) were followed to the age of 13-14 weeks. In the latter 
group scratch movements with the legs were quantified. 

Macroscopic phenotypic changes in transgenic #1010 animals were noted as a loss of halr 
plS from a narrow zone around the eyes In mice 4-5 weeks of age. In older mice there was an 

back the skin surface was sometimes covered with fine scales. From the age of 5-6 weeks 
and onwards several of these transgenic animals showed signs of Itch with scratching the 
frequency of which Increased with time. 9 ' We 



ru 

420 



* Itching behavior 

\ — 3 

™ ZT« tranS9en ' C m?Ce fo "° Wed for 13 -" -eeks 8 animate (73%) showed signs of itch 
j* (at least one period of scratching with hlnd or fore paws per minute) at the age of 10-11 

£ H S f T enCY ° f SCratChfn9 Var ' ed am ° n9 thS obse ™* — ,s; whereas some 

™ T ° r m ° derate S,9nS ° f ' tCh ' ° ther anlma ' S ™ st <™e.r time 

scotching (F,g. 5). Up to the age of 3 weeks fchere was n<j sign|fjcant 

difference In weight between transgenic and normal animals, with increasing age there 
was a tendency towards lower weights among transgenics. At the age of 14-15 weeks 

30 17 7 S 8 7° % redUCt '° n ^ We ' 9ht ,n tranS96niCS aS COm *- d *> vvlW-type litter 

ZZZT 013,65 ^ 9m ^ 3 °-° ™ " = °° 2 * — ^ fema.es 21.7 gm 
versus 23.5 gm; p » 0.033). y 

Histoiogicai analysis 

For histology and Immunohlstochemlstry (Ekholm et al. 1998 and Sondell et al. 1996) 
35 samples were either formaldehyde fixed and paraffin embedded according to routine 
protocols or frozen after fixation for 2 h in formaldehyde 

Upon sacrifice of the animals tissues (dorsal skin, iarge and smai, intestines, and lung) 
were prepared for microscopic analyses. The pre.lminary microscopic examination of 
routineiy processed skin samples was carried out b.ind.y (the examiner was not informed 
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animals, and 15 um ( SD - 2 6 um „ JT ! ( " 21 ^ n = 19J for transgenic 

SI 

h* Zmmunohlstochemistry 

Intestine , "' n9 3,S ° ° f the a,veo,ar ^thel.um (reS u.ts for 

intestines and lung not shown). 
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Comparison with diseased human skin. 

S "" "' OP fl S,eS fr 7 ^ Uman VO,Unteere and were taken after .nformed consent and 

with tf.e approva. of the Human research ethics committee, Umea University. Blops.es 

S I" fr ° m Chr ° n,C eCZematous ,es '° ns °" *e flexure, s.des of tower arms of Ave 

21 T°T dermat,HS PrOC6SSed f ° r m ' CroSC ° Py 35 abov - «'oPS«es from 
corresponding sites were obta«ned from volunteers. In routine stained sections (not shown) 

IT 35 6XPeCted ' m3fked 3CanthOS,S ' keratosis, and a sparse deZ 
Infiltrate cons,s Ing m aInIy of lymphocytes. Immunohlsto.ogy with SCCe-specL ant^eL 
showed a drastic .ncrease In the number of ,abe,,ed suprabasa, cel, .ayers as compared to 
10 controls (P, g . 6 E-P). As regards the acanthosis, hyperkeratosis, and pattern of SCCE 

sTm^rr" 9 T™* SSen b6tWeen ' eS, ° na » 9nd SW " — ^.ngly 

similar to those seen between skin of #1010 transgenic mice and controls. 



jw& EXAMPLE 5 
□ 15 

a 



P 3 

r20 



Scce-transgenic mice for testing of antipruritic agents 

oT^oTa TZ a * m °™**> ««"«"o-ooe acetonlde ,„ . Mta , volume 

*»and 2», or .00 m' o, physiological sallne at the s.™ « m . pom... Eplsodea J *» 
""Tf *• n, °"" n9 — «— «" — «■« * the afternoon. To 

% LTt 71 } ' was ,,,IX,K, with 75 " ° r 90 " ° f — . Z i^ts 

25 ^ ShM,n n9 ' 7 - ™-«*-~ acetonlde was h , ghly tmamt ln d , m|nteh|n9 xrMhlng 

of llr„ "'' " ^ ™- of tub. feed,.*. Ep«odl 

30 » r h, C ° Unte,i ' mmedte ^ • '—'"0 <° and a»n et an,. pTtT 

as Indicated. Feeding solubons were prepared by ^ 30 pi of taratldlne 1 L 

f ™ 0 7 /m : T*" ""^ " S ^"™ ». for cent™, 

Of sucrose 600 mg/ml , „*„ 70 „ of pnvs , 0 , oglca , „„„„ ^ ^ ^ ^ ^ ^ » 
SA. The same m ,ce were tben treated 7 days later with 90 pi of loratldln. mixture of 

^ k 9UreS °* SB W " n ° "W- <«^"ce ,n fluency of 
behavior of the SCCE mouse Is not relieved by beabnent with an antlhlsta^ne 



10 
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The two experiments show that scce-transgenic mice can be used for evaluation of drugs 
with potential effects on Itch (antl-pruritlc drugs). The glucocorticoid triamcinolone 
acetonlde appeared to be highly effective In relieving itch, whereas the antihistamine 
loratldlne had no statistically significant antipruritic effect. 

It thus appears that the pruritus In SCCE-transgenic mice respond to treatment with a 
glucocorticoid but not to treatment with an antihistamine. A similar situation can be found 
for human patients suffering from pruritus associated with e.g. atopic dermatitis, eczema 
and psoriasis. ' ' 

EXAMPLE 6 

Determination of nucleotide sequences of homologues to hscce-cDNA from cow, rat and 
pig. 



.=115 

SI 



4: 



Skin biopsies from cow, p«g and rat were obtained, Immediately frozen In liquid nitrogen 
and homogenized, using a Mlkro-Dlsmembranator U (B.Braun Biotech International GmbH, 
Melsungen, Germany) at 2000 rpm for 45 s. RNA was Isolated using 1m. of Trlzol Reagent 
(Life Technologies AB, Taby, Sweden) according to the manufacturers Instructions, DNase 
20 treated, extracted with Phenol. CHCI 3 , and precipitated with UCI according to the 
ru Boehrin9er Man "he'"i protocol (Nonradioactive In Situ Hybridization application Manual, 
j ;=a Boehrlnger Mannheim, Mannheim, Germany). 

£ RT-pcr was performed as described (Undstrom et al. with ollgo d(T) 16 primers (Perkin 
U Elmer, Foster City, CA, USA) In the RT reaction. In each RT reaction 100 ng of total RNA 
■ 25 was used. 

For PCR five primers were designed from conserved sequences found In hscce and mscce 
CDNA resulting In primers mS3, 698,696,H2 and mS4 (Table 4). PCR products were cloned 
Into P CR II vector using the TOPO TA cloning kit (Invltrogen/NOVEX, Groeningen, The 
30 Netherlands) as recommended by the manufacturers. Plasmld DNA was Isolated using the 
QIAprep Spin Mlniprep Kit (Qlagen, Chatsworth, CA). Nucleotide sequencing was 
performed using the DYEnamlc ET Terminator Cycle Sequendng Kit (Amensham Pharmacia 
Biotech Sverlge, Uppsala, Sweden) and an ABI377 automated DNA sequencer (Perkln- 
Elmer). 
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To obtain the 5 'cDNA end the SMART Race cDNA Amplification Kit (Clontech 
Laboratories,Inc, Palo Alto, Ca) was used according to the manufacturers Instructions. 
Species specific primers were designed from the cDNA sequences obtained In previous 
steps (Table 4). 
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Table 4. Oligomer primers used In RT-PCR, 5 '-RACE and nested 5 '-RACE 
Oligomers a - e were designed from conserved sequences found when comparing SCCE 
and mSCCE cONA sequences. Positions are derived from the mSCCE cDNA(Backman et al 
5 Oligomers f - j were designed based on nucleotide sequencing data from the preceding 
species specific cloning reactions. 

Oligomer Sequence, 5 ' to 3 ' 

a) mS3 CAAGGAGAAAGGATTATAGATGGCT ( S EQ ID NO: 31) 

b) 698 AAGGCTCCGCACCCATGGCAG ( S £Q ID NO: 32) 
10 c) 696 TGCAATGGTGACTCAGGGGGGCCCTT (SEQ ID NO: 33) 

d) H2 GACCCAGGCGTCTACACTCAAGT ( S £Q ID No! 34) 

e) mS4 GAGACCATGAAAACCCATCGCTAAC (SEQ ID NO: 35) 
Hj f)KO0905 TGACTTTCTTCACACTGGACGACAGC (SEQ ID NO: 36) 
W 9) GR0905 CTTCACACTGGCTGATAGCCTGGCCG (SEQ ID NO: 37) 
™15 h)Ngr CAGGGTGGCGGAATGACCTCATGGCCCT (SEQ ID NO: 38) 
£ l)RA1016 CTACTCCACAAGGACCCATGTCAATGAC (SEQ ID NO: 39) 
|ll j)nRA1016 GCTGTGTGCTGGCATTCCCGACTCTAAG (SEQ ID NO: 40) 

First strand cDNA was prepared from total RNA using SMART II oligonucleotide 

£20 (5 ' -AAGCAGTGGTAACAACGCAGAGTACGCGGG-3 ') (SEQ ID NO: 41) and 5 '-RACE cDNA 
fU synthesis primer (5 '-(T)* N,N-3 ') (N = A, C, G, or T; N. x = A, G, or C) (SEQ ID NO: 42). 
U 5 " RACE WaS P erfor "ied using Universal primer mix (UPM) containing Long (0.02 M M) (5 - 
q CTAATACGACTCACTATAGGGCAAGCAGTGGTAACAACGCAGAGT-3 ') (SEQ ID NO: 43) and 
PU Short (ipM) (5 ' -CTAATACGACTCACTATAGGGCC-3 ') (SEQ ID NO: 44) universal primer 
25 and a specific primer for each species (KO 0905, GR 0905 and RA 1016). Cyclic 

parameters for the PCR reaction were adapted from the manufacturers recommendations 
for a Perkin-Elmer DNA Thermal Cycler 480 but with 25 cycles in the last step. 5 '-RACE 
PCR products from reacuons with specific primers for pig and rat were subjected to nested 
PCR using Nested Universal Primer (NUP) (5 ' -AAGCAGTGGTAACAACGCAG AGT-3 ') (SEQ 
30 ID NO: 45) and nested specific primers for pig (nGR0905) and rat (nRA1016) respectively. 
The nested PCR reactions were performed according to the manufacturers Instructions with 
20 cycles of amplification. Products from 5 '-RACE and nested 5 '-RACE were checked on 
agarose gel. For characterization products were cloned and sequenced as described above. 
The results are shown In table 5 as deduced amino acid sequences. Table 6 show the 
35 calculated similarities of the active enzyme starting with the sequence IIDG. Sequences for 
human (Hansson et al., 1994) and mouse SCCE (Backman et al., 1999) are included for 
comparison. 
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The rat SCCE sequence shown In table 5 and In SEQ ID NO: 49 can not be found In the 

T d r tabaSe Wh ' Ch ' ndiCate that ' l d ° eS n0t corres P°<* to any of the already known 
rat kalllkrelns or kalllkreln like proteins. 

The sJuT 5, f A " 9nment ° f the deduced amin ° «* sequences of SCCE from five spec.es. 
The sequences for cow, pig, and rat are not complete In the C-ter^.na, parts. 

ii^L^WG Q GBRIIDGIKCKKGSHPWQVALiKGNQLHCG 52 



sill SSSSgS^^ H2 
S Hi I- 



□ se< j2 
i=s seq3 
! ?rf „„„-, 



□ 



aeql KLNSQARLSSMv^SKpSe^^^ 179 
3eq4 KMDKpVkMSDKvS^toS^ 176 



seq4 
seq5 



seq2 QVCKYVNWIK 242 

seq3 QVCKYIDWIN 249 

seql QVCKFTKWINDTMKKHR 253 

seq4 

seq5 QVCKYKRWVMETMKTHR 249 



30 rimT'l" "T " 90re ,S ' D N ° :46 ' ^ 3 <PW "» te SEQ ID NO:47. Seq 

s u > t T" 15 SEQ 10 NO:4 °' Seq 4 (rat) " ,he 15 «« '° -i s'o 

5 Cmouse) In the figure SEQ ID NO:50. 
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Table 6. Calculated similarities of the active enzymes. 

species compared calculated similarity * 

Mouse-human 750^ 

Rat-human 77% 

Pig-human 770/,, 

Cow-human 750^ 

Rat-mouse ae°/o 

Cow-mouse 590^ 

Pig-mouse 69% 
*The comparisons of active enzymes are starting with the sequence IIDG etc. 
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